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(54) isolation and sequencing of ttie hazel FAd2-N gene 

(57) The invention relates to the isolation from hazel 
{Corylus avellana L.) of tiie FAD2-N gene coding for the 
A12 desaturase enzyme of the microsomal fraction and. 
in particular, provides the nucleotide sequence and the 
deduced amino-add sequence of the gene and pro- 
vides for its use as a probe for the isolation of other plant 
desaturases. It also relates to the use of this gene for 
altering the desaturase levels and consequently the 
fatty-acid composition of the plant. 
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Description 

The present invention relates to the Isolation from hazel [Cotytus avellana L) of the FAD2-N gene which codes lor 
the A12desaturase enzyme of the microsomal fraction. 

More particularly, the invention relates to the nudeolide sequence, to the derived amino-acid sequence of the gene, 
and to its use as a probe for the isolation of other plant desaturases. ft also relates to the use off this gene for altering 
the desaturase levels, and consequently the fatty-acid composition of the plant. . u 

Alteration of the fatty-acid composition may have various applications in the industrial field. One off the O^eft^ 
problems with hazelnuts is that they become rancid by oxidation. This is due to the autooxidation of unsaturated lipids 
with the consequent fbrmation off volatile substances with a rancid odour which cannot easily be eliminated by the usual 
preservation systems. Amongst the possible strategies for reducing the tendency to become rancid, the best seems to 
be that off reducing the degree off unsaturation of the fatty adds present in the kernel oil. since susceptibility to auto- 
oxidation is positively correlated with this parameter. In fact, the rale of peroxide fbrmation is correlated with the nunt)er 
of C=C double bonds in the fatty adds. The rate of auto^xkJation of the latly acids in comparison wHh the ol^te (18/1) 
is about 30 times greater in the linoleate (18:2) and 80 times greater in the linolenate (18:3). Maeover. the volatile sub- 
stances resufting from the degradation of the linoleate and of the linolenate have a lower threshold off perception than 
those derived from the oleate. A reduction in linoleic acid should reduce the availability of siA)strates for lipoxygenase, 
reduce the loss off vitamin E during preservation, and reduce the production of volatile substances such as hexanals. 

In the angiosperms. most of the synthesis of polyunsaturated lipids takes place by means of a single enzyme, that 
is, A12 (or 0)6) desalurase (18:1 desaturase). of the endoplasmic retteulum. afthough there is an 18:1 chloroplast desat- 
urase in the leaves off some plants. Moreover, this enzyme is responsible for more than 90% of the synthesis of f^^ 
saturated fatty acids in non-photosynthetic tissues such as. for example, in the kernels. The conversion of o^c a<^ 
(18:1) to linoleic add (18:2) thus takes place by means of A12 desaturase, and from linoleic acid to linolenic acid (18:3) 

by means of A1 5 (or cd3) desaturase. 

25 It has been shown with mutants of Arabidopsis that the FAD2 locus conteins a gene which codes for the oleate 
desaturase enzyme of the endoplasmic reticulum (Okuley et al. 1994. The Plant Cell 6. 147-158). TheFAD2 gene was 
in fact able to complement mutants of Acabidopsis which were defident in desaturase activity of the endoplasmic rabo- 
ulum. The gene coding for the same enzyme In soya has also recently been Isofated and sequenced (Heppard et al. 
1995, Plant Physiol., in press). _a 
30 A reductton In the A12 desaturase levels should therefore lead to a reduction in the linoleic acid content and. as a 
secondary effect, probably also to a reduction in linolenic add. In hazelnuts the percentage of linoleic add vanes from 
5 to 1 5%- the percentage off linolente add is from 0. 1 to 0.2%, A reduction in these fatty adds should therefore be useful 
in the pr^ervalion of hazelnuts. There is therefore dearly a need to isolate the gene which codes for the A12 desatu- 
rase of the endoplasmic reticulum, "me sequence off the gene couW thus be used for gene inactivation 
35 nels This inactivation could be carried out either by the antisense technique (Smith et al. (1988) Nature 334, "^4-726) 
or by the "transwitch- technique (Flavell (1994) Proc. Natl. Acad. Sci. USA 91 . 3490-3496). In the antisense technique, 
the hazel would have to be transformed by the entire FAD2-N gene or by portions thereof, inserted in the opposite direc- 
tion to the regulating sequences. In the "transwftch" technique, the hazel would have to be transformed by an identical 
copy of the FAD2-N gene. 
40 The subjects of the present invention are defined by the foltowing claims. 

Embodiments off the present inventfon will now be described with reference to the folkjwing drawings, in which: 

Figure 1 shows the restriction map of the ffM2 genome done, 

45 Figure 2 shows the nucleotide sequence of the hazel FAD2-N gene: the amino-add sequence of the coding portion 
is also shown; 

Figure 3 shows the nucleotide sequence of the "1" done of cDNA, 

so Rgure 4 shows a conparlson between the nucleotide sequences of the "I" and "N2" dones. 

Figure 5 shows a comparison between the amino-acids off the -N2- gene and A12 desaturases off Arabidopsis and 
of soya, 

55 Figure 6 shows the homology between hazel A12 desaturase and various desaturases off other plants botti plaslid 
and off the endoplasmic reticulum, 

Figure 7 shows the expression of the N2 gene in various varieties of hazel both in the leaves and in the kernels. 
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Isnlation and donino o > the FAD2 oene of ArabidODSis thatiana for use as a probe 

In order to isolate the gene which codes for hazel A12 desaturase enzyme, it was necessary to use the FAD2 gene 
of Arabkhpsis as a probe. 

5 In order to isolate the Arabidopsis gene, two oligonucleotides were used as "primers" for the amplification of the 

sequences included between the start and the end of the gene. The oligonucleotides used were NOCC1 (CTGAATTC- 
CAGGTGGAAGAATGCC) which contains the Eco Rl restriction site and the sequences corresponding to the portion 
between bases 100 and 1 16 of the gene (Okuley J. et al, 1994, The Plant Cell 6, 147-158) and NOCC4 (AGGAATTC- 
GACAATTTCTTCACCATCATGC) which contains the restriction site of the Eco Rl erizyme and the sequences corrple- • 

10 mentary to the portion between base 1 245 and base 1 266. The amplification reaction was as follows: 1 2.8\i\ H20. 2.5M.I 
10 X PGR buffer (Perkin Elmer), 2.5^1 Arabidopsis genome DfMA(10 ng/l). Ifil dfylTP. each 2.5mM. 2^ 25mM MgCIa, 
NOCX31 oligonucleotide (SOng/^, IpJ r^CC4 oligonucleotide (SOng^U) 0.^ Taq I DNA polymerase (Perkin Elmer) 
(5U/^I) . The mixture thus prepared was sut)jected to 1 denaturing cyde for 1 minute at 94*'C and to 40 cydes composed 
as follows: 30 seconds at 94*'C. 1 minute at 52'C, 2 minutes at 72*C. The amplification products were separated on 1% 

IS agarose gel in TAE buffer (0.04M Tris-acetate. 0.002M EDTA) and stained with ethidium brontide at a concentration of 
0.5jJig/hil. The portion of gel containing the fragment of the expected length was withdrawn. In order to extract the DNA. 
lOfil of Qiaex resin (Qiaex extraction kit. firm Qiagen) were added for each 200mg of gel. The supplier's method was 
then followed. The DNA was then supplemented with a tenth of a volume of 10XH buffer (Boehringer) and 20 units of 
Eco Rl enzyme (Boehringer). After inci^tion overnight at 37''C, the DNA was precipitated with 0.1 volumes of 5M 

20 NH4OAC and one volume of isopropanol. After 1 0 minutes at ambient temperature, the DNA was centrifuged for 20 min- 
utes at 14000 rpm and the precipitate was washed with 70% ethanot. The DNA was resuspended in 15^l of HgO. The 
concentration was determined on gel by comparison with a known standard. 

The amplified fragment was inserted in the pUC18 vector A ligation mixture was prepared as follows: pUC18 
plasmid DNA cut wfth Eco Rl (20ng), 1 .5^il fragment amplified with NOCC1 and 4 (25ng). Ijil 10X ligase buffer (Boe- 

25 hringer), Ijil T4 DNA ligase (1 UAil) (Boehringer). 4.5fil H2O- The reaction mixture was incubated at 14*C for 12 hours. 
In order to prepare competent cells, the method based on the compound hexamino-cobalt chloride was used 
(Maniatis. Molecular doning, 1989. Cold Spring Hartjor Laboratory Press. 1 .76-1 .81). lOjil of the ligation mixture were 
added to each aliquot of competent cells, defrosted on ice. After the cells had been incut>ated on ice for 30 minutes they 
were sut>jected to themnal shock at 42''C for 90 seconds and were then replaced in ice for 60 seconds. After the addtion 

3a of 0.5 ml of SOC broth (2% Bactotryptone. 0.5% yeast extract. 10mM NaQ. 2.5mM KQ. lOmM MgCt2, 20mM glucose. 
' pH7). the cells were incubated at 37<»C with stirring for 90\ 100. 200 and 300 \i\ aliquots were spread on plates contain- 
ing solid LB broth (I0gr/l NaCI. I0gr/1 Bactotryptone. 5gr/l yeast extract. pH7.5. 15gr/l agar) with the addition of 50)ig/ml 
of amplcillln and in the presence of IPTG and X-Gal. The plates were then incubated at 37''C overnight. 

Some of the bacterial colonies otrtained were first analyzed for their plasmid content by a quick method (Maniatis, 

35 Molecular cloning. 1989. Cold Spring Hariaor Laboratoiry Press, 1.32). The colonies containing a plasmid of the 
expected length were grown and their plasmid DNA extracted (Maniatis. Mdecular doning, 1989. Cold Spring Hartior 
Laboratory Press. 1 .33). Those containing a fragment of the expected length (1 160 bp) were identified by digestion of 
the plasmid DfsIA with Eco Rl. The El cdony was selected. 

One end of the insert of the El colony was sequenced. The plasmid DNA of the E1 ctone was denatured and par- 

40 tially sequenced by Sanger's method using the enzyme Sequenase and ^^S-dATP (Amersham). The sequendng prod- 
ucts were separated on 8% acrylamide. 8M urea. 1XTBE gel. After electrophoresis, the gel was dried and exposed 
overnight in contact with an autoradiographic plate (p max. Amersham). The sequence was compared with that put>- 
lished and was identical, identifying the Arabidopsis FAD2 gene in the doned fragment. 

45 Extraction of nucleic acids from hazel 

Hazelnuts of the Nocchione. Montebello and San Giovanni varieties were harvested when almost fully ripe. The 
kernel was skinned before being used or frozen in liquid nitrogea The leaves were harvested at a young stage and fro- 
zen in liquid nitrogen. 3 ml of extraction buffer were used for each gram of vegetaksle material with the use of the method 

50 described by Venwoerd et al. (Nud. Ac. Res.. 1989. 2362). Upon completion of the extraction, two selective precipita- 
tions were canried out by the addition of NaCI 2M. and 2 volumes of 95% ethanol to eliminate polysaccharides. The final 
pellet was resuspended in H2O. Further centrifuging was then carried out to eliminate any non-resuspended material. 

On the other hand, DNA was extracted from young leaves of the Nocchione and Montebello varieties. The vegeta- 
ble tissue was pulverized in liquid nitrogen and the DNA extraded by the CTAB (REP) method. To eliminate the polysac- 

55 charides, NaCI 2M and 2 volumes of 95% ethanol were added. The samples were incUbated fbr15' at -80*C and 
centrifuged fori 5* at 4'*C and 1 4000 rmp (Eppendorf). This selective precipitation was repeated twice and the final pel- 
let was resuspended in H2O. Further centrifuging was then carried out to eliminate any non-resusperxJed material. 
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Cheddna of the orobe on h a^^^l PNA and RNA 
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About 20ng of DNA of the Montebello and Nocchione varieties was cut with Eco Rl resfriclion «" « 

of 300 m in the presence of 400 units of enzyme and H buffer (Promega), with incubaton for one "'0^ ^J^J 
rf««*Si had been checked by gel electrophoresis of one twentieth of the reacHon m.xUjre. the ^"^^^^^^ 
Swith ethanol and resuspended in 30n. of H^O. The DNA was then subjected to electrophoresis on ^^^^^^ 
aeland transferred by capillarity onto nylon men*rane (Southern blot) for one n.ght .n the pr^ence 20 (3M 
S(?O.Sl Nrdt«le).1Ee membmne was dried in air fdr 30" and then fixed by UV ^^^^^^^^S^f'Tp, ' 

iue Aratidopsis A12 desatumse gene was used as a probe. For this puipose. the plasmri DNA of me ^ne 
(5M) was cut wittTzo units of Eoo Rl in the presence of H bulter (Boehringer) .n a volume SOjxl to^^^ hours at 37 C 
Se nsert of the clone was separated from the vector by electrophoresis on 1% agarose gei and ertracted ^jmVne Q^ 
vis ^use S aaex resin in accordance with the swliers' instructions (QIagen). The 
Too-?cS?edriidly in dry ice, and marted by the random priming method with the use of^ 

and the reagents of Boehringer's marking kit . ,c v 

The ny^n membrane containing the hazel DNA was prehybridized for 1.5 hours a 55 C .n st^r^^r^ b^er (5 x 
SSC 0 1%(w/v) N-laurylsarcosine. 0.02% SOS. 1% blocking reagent solution) (10% blocking f«9«rt soluft<^10gr 
SSriJ* ioSing reajen. in 150mM NaCI. lOOmM maleic ac«^pH7.5). 2 xS^^^ 

Ambdopsis probe lor one night at 55-C. The non-hybridized probe was washed tw wefor 1 5 " f^x SSC^. 1 % SDSand 
twice for15- each in0.3xSSC. 0.1% SDS. always atatemperaluio Of 55-C. The probe remained coi,jled to the h^ 

so ogous sequences on the membrane was detected by autoradiography. ^ «^ i,„moiB At ma 

The RNA extracted from the young leaves of the Montebello and Nocchwne 
San caovanni variety was separated on denaturing gel in the Presence o^ ?°'T'jSTl2!Sr??e2?S-?S 
brane by Northern blotting (Maniatis. Molecular cloning. 1989. Cold Spring ^abora^^ 
40ag/sample of total RNA extracted from San Giovanni kernels, Nocchione leaves and Mortebello "ea^* ««« >*2' 
S M p?obe were used as a positive control. The RNA was toaded onto a 1% agarose gel in P[^"^?L^': 
del^r The samples were then subjected to electrophoresis for 3 hours at 80 voHs in the presence of ixMOPS^The 

n^iS^JTLo S tSn stained with eth-ri^^^^^ 
fe^^^n^n meSrane (Boehrmger) by "capillary blotting" in the presence of 20 x SSC '^^^ 
J-C After transfer, the membrane was dried on 3 MM paper and then fixed by aosslinking using UV "9^ (^^^na 
UV sS nker 120000 ixJlcm% The RNA was hybridised with the A/ab/dfc|psis A12 desaturase probe as desateed for 

Z mTS::S^^sosrZ out by autoradiography. ■^JT^^'"^ ^V:T2 JSS J?SJ 
band with a molecular weight of about 1 500 bp in the hazel RNA and 3 bands of about 18. 8 and 2.8 kb in the hazel 

DNA cut with EcoRI. 
35 nnrerfrucBon o f n yiffl" ">'""'y ""^A 

The gene library of cDNA was constojcted from RNA from kernels harvested «hen almost fully ^'P^ ar^^*^^^^^ 
planted tSe San ©ovanni variety. For this purpose, the Poly(A)4mRNA was isolat^fr^" "^^T^h^J^m 
Snhe Poly(A)TVacl mRNA Isolation System II. in accordance wUh the method provided by the firm Promes^. The sam- 
let w^SSfn H,0 and precipitaS with 0.1 volumes of 3M NaOAca^^^ 

at -80-C. the RNA was centrifuged for 15' at 14000 rpm (Eppendorf). the P«««*«^"'^'"7fti2r^ ?2^^ 
pended in 10^1 of HgO. The concentratton was read with a spectrophotometer and the yield was 3.2m of 

'^'^TSe^re^rB^N^St^'leder-^^ 

syntSs Of conilementaVy DNA (cDNA) with the use of Boehringer's "cDNA synthesis ^"^.^^T?.*! 
method recommended by the suppliers. An extraction was then carried out with one volume of phend.chloroform. iso- 
C3^1SS^.?^ecDN?wasthen purified in a Pharmacia column (cDNA spun columns) aner the addrtionrt 
SSlTS^^ebier used was thefonowi^ lOmMTrls-HOpH 7.5. ImM EDTA^ .^^j^S fh!2f S^^^^ 
(Pharmacia) were added to the ends of the cDNA. The reaction mixture contained: °'^°NA (haH of the cDNA 
otS from ig of Poly(A).HRNA). 10jU of tigase buffer 10 x (Promega). 10^ of Eco Rl adaptors (O.OIu/m). 6 unte of 
?5?SlliSTe|^?omega'inafinal volume Of 100,^1. Aft« 

ttited fo??? at 65'C Phosphorylation of the adaptor, then followed by the addition, to the 100^ ""f"^^^^ 
iSmM ATP and 10 units of T4 polynucleotide kinase. After incubation at 37-C for 30'. the ^^"^"^^^ 
irxSSo. foMO' at 65-C. PurZtion was then carried out with one volume of P»^8~'=<=Woroformu8oan^ 
SSS^e CDNA was then purified from fragments of less than 400 bp as follows. ^^Z^^^^^^ C^Z^ 
final concertration of 0.1M NaCI. the cDNA was separated by chromatography in a column wrthSepharoseCL-4B r«^n 
Se^i JS^spun column. Pham»cia) according to the method suggested by the sellers The frag-riente of cDNA 
shoSe7SLn4il6 bases were thus excluded. The cDNA was precipitated with one thirtieth of a volume of 3M NaOAc 
and 2 volumes of 95% ethanol. centrifuged and resuspended in 10(U of HgO. 
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The cDNA was inserted in the X phage vector Zap II cut wrth Eco Rl and dephosphorylated (Stratagene) in the fol- 
lowing manner: 2)il of cDNA (200 ng). 1^1 of X Zap II cut with Eco Rl (1^g/^l) (Stratagene). 0.5|il of T4 DMA Ugase 
(411/^1) (Promega), 0.5(il of 10 x ligation buffer (Promega). 1^1 of H2O. The reaction mixture was incubated for 14 hours 
at 12<*C. The mixture containing the cDNA inserted in the vector was used for the reconstruction of the phages with the 

5 use of Stratagene's Gigapack Gold "in vitro packaging** kit. The gene library of phages thus obtained was constituted 
by about 300.000 pfu (plaque-forming units). In order to amplify the gene Ibrary, XL1 Blue MRP cells were prepared as 
desatoed by Stratagene and used the same day The gene libraries were plated at a concentration of about 5000 pfu 
per plate (95 cm^). After growth, the phages were resuspended in SM (5.8gr/l NaO. 2gr/l MgS04.7H20. SOml/l 1M Tris 
HQ (pH 7.5). 5m!/l 2% gelatine) and. after the addition of chiorofomi to 5% and incubation for 15 minutes at ambient . 

10 temperature, the cell debris was centrifuged for 1 0 minutes at 2000 x g. Chforoform to 0.3% was added to the superna- 
tant liquid and the phages were presen/ed at 4''C. Aliquots were preserved at -70'*C after the addition of DMSO to 7%. 
The gene library was titled. 

Construction of a partial genome oene library 

IS 

The DNA of the Nocchione variety was digested with Eco Rl restriction enzyme and separated on agarose gel. The 
fragments with lengths of up to 10000 bp (base pairs) were isolated from the gel with the use of Qiaex resin according 
to the Qiagen's method. For cloning in the X vector Zap II. 400ng of DNA fragments were incubated with l^tQ of 
desphosphorylated X Zap II (Stratagene) in the presence of ligase buffer and 1 .5 units of T4 DNA ligase (Promega) for 
20 12 hours at U^'C. 

8trategene*s Gigapack Gold "in vitro packaging" kit was used in accordance with the suppliers* instructions to make 
up the gene library. The gene library of phages thus produced was amplified as desaibed for the cDNA gene library. 
The complexity of the gene library was 1.500,000 clones. This gene library was also amplified. 

25 Screening of the cDNA oene library 

About 250,000 phages of the cDNA gene library were plated on LB broth in the presence of XL1 Blue MRP cells, 
divided into 12 plates each containing 20,000 pfu. After growth, the phages were transferred onto nylon membranes 
and their denatured DNA was fixed on the membranes as described by Boehringer for screening with non-radioactive 

30 probes. The membranes were then hybridized with the Arabictopsis A1 2 desaturase gene. The probe was prepared by 
the isolation of the insert containing the entire coding region of the gene from the plasmid. The insert was then marked 
with digoxIgenin-dUTP with the use of Boehringer*s "DNA labelling kit". Prehybridizatfon was carried out in standard 
buffer (Boehringer) and hybridization was carried out in the same buffer with the addition of the Arabidopsis probe aft a 
concentration of lOng/ml and at a temperature of 5S'*C. 

35 After washing twice in 2xSSC. 0.1% SDS for 5 minutes at ambient temperature and washing twice in 0.3xSSC, 
0.1%SDS at 55*'C, detection was carried out with the use of an anti-digoxigenin antitxxJy conjugated with alkaline phos- 
phatase (Boehringer) and a chemiluminescent sut>strate (AMPPD. Boehringer). 

1 1 positive phage plaques were identified. These were isolated, the phages resuspended in SM and titled. From 50 
to 200 phages were plated for each positive plaque. The plaques were transferred onto nylon membranes and sub- 

40 jected to a second hybridization with the Arabidopsis A12 desaturase probe, as already described above. The following 
clones which couM hybridize with the Acabkiopsis A12 desaturase gene were obtained from the second screening: I. 
F.4. 

Screening of the oenome oene library 

45 

The gene library of Nocchione DNA was subjected to screening in the same way as the cDNA gene library. 
1.600.000 phages were plated, divided into 40 plates. After growth, they were transferred to nylon membranes as 
desaibed for the cDNA gene library. The membranes were then hybrkiized with the Arabidopsis A12 desaturase gene 
as described for the cDN A gene library Autoradiography of the membranes showed 9 positive plaques. These plaques 
so were isolated, titled and subjected to a second saeening. 6 plaques were re-confirmed as positive. 4 of these gave a 
very .strong signal. 

Analysis of the clon es isolated 

55 The following positive phage dones were converted into plasmids by in vivo excision in accofdance with the 
method suggested by Stratagene (Gigapack Gold in vitro packaging) : 1, P. 4 (cDNA gene library), N2, N1 1 , N1 7, N1 8. 
N21 . N25 (genome gene library). 

The plasmid DNA of the clones of the cDNA gene library was isolated and the length of the insert analyzed by 
digestion with Eco Rl. The plasmid DNA of the genome clones was isolated, the length of the insert analyzed by cutting 
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with restriction enzyme, and the clones rechecked by hybridization with the Arabldopsis probe. Figure 1 shows the map 
of the N2 genome done. 

RpTiiiencina 

The N2 done was selected from the genome denes. f=or sequencing, the insert v«s .^jj 
reslrSon enzyme and the fragments obtained were subcloned in pUC18 vector art with ^'^^'^^^^ 
cMng 1989 Cold Spring Harbor Udx)ratory Press. 1 .68-1 .69). The clones obtained were analyzed bott, for the 'engtti 
SseTa^^by^ridizationwHhtheArab/dcvsfe 

A12 desaturase gene, the hybridization exduded the dones "'^'^ M rt^d^ 
I. F. 4 and N2 dones was isolated and sequenced with the use of the Sequenase tat and (35S)<Wm Wl rtme d«^ 
(^NAandgenome)werefirst sequenced at the ends with the usertprime«wh,*^ 

orientations In orter to complete the internal regions and to assemble the fragments of ^^^^ 0«T"!„t2^ 
Sigonudeotideswerethendesigned and synthesized and were used fbr the sequencing. The fWI^^ 

sequences of the internal oligonucleolides: 
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OLIGONUCLEOTIDE 


SEQUENCE 


N2-3SS 


CAG ACC AGC ATC CQA GAG 


N2-3SD 


GQA TTG GOT TAG GGG QGC 


N2-29R'S 


GCC AAC CAT GTG ATC AAC CO 


NOCCS 


ATG GTA GAG AAG AGA TGG TG 


COL 


CTG GTG GGT TGT TGA AG 


N2-S1N 


GG A GAG GTC ATA AAC AAC 
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The I and F clones were sequenced entirely As far as the f« clone is concfnej- o'*' '^fS^T^^ 
to the gene were sequenced. Figures 2 and 3 show their sequence. The 1 and F cDNA 

parison between I and the N2 genome clone showed the samesequence (Fig. 4). indicaling that IM2 contains Ihe gene 
which codes for the cDNA of the I done. 

Cormarison between the pane isolated and other desaturasgs 

The nudeotide and amino-add sequence of the N2 clone was compared with other desaturas^ (Figure 6y The 
greJS ^SSJy Ss iith the two A12 desaturases of the endoplasmic reticulum and with a'^y*^^^ 
wWch uses the same substrate as A12 desaturase. Homology with the plastid A12 desaturase and with both *iepto- 
Sand^SSUc reticulum A15 desaturases was. how««r. mudi lower. Figure 5 shows the compar»on between 
the amino-acid sequence of hazel A12 and those of Arabidopsis and soya. 

nhaddno of t h ft ««prftSElon nf the hazel A12 desaturas^ Qffle 

RNA was extracted from kernels of the San Giovanni. Montebello and NoccHone variefies and from >eav«o« *>e 
Montebelloand NoccWone varieties. After separation on agarose gel. the RNAwastransferred onto a rrjr^^^ 
alT^ridized wHh the insert of the I clone marked with digoxigenin. The result is shown in Figure 7. in wh«h a band 
is visible In the kernel RNA but not in that of the leaves. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: SOREMARTEC S.A. 

(B) STREET: Dreve de 1 ' Arc-en-Ciel 102 

(C) CITY: Arlon-Schoppach 

(E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP): 6700 

(ii) TITLE OF INVENTION: Isolation and sequencing of the 
hazel FAD2-N 

gene 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 

(EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: CH 0550/96 

(B) FILING DATE: 04-MAR-1996 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1662 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana cv. Nocchione 
(F) TISSUE TYPE: leaves 

(Vii) IMMEDIATE SOURCE: 

(B) CLONE: N2 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 222. . 1370 

(D) OTHER INFORMATION :/product= "delta-12 desaturase" 
/gene= ""Fad2"" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCTCATAAAA AAGTAAGCTC ATTTACCTCA AGTAGGGTTT CCTTATGACA AATGAGTCCC 
60 

GCAATCCTTT TCTATGAGGT GCTATAATTG CAAATGTCCA AATCATAGGG ATATGGATCC 
120 

AAATACTATT AATATTATGT AGTGTGTTTT TTTTTTTCCC TCAAATTTAC TCTCACACCT 
180 

AAGTTGATTT TCTCCAGCAT TGGACATAGC CTCTGTAGAC A ATG GGA GOT AGA 

Met Gly Ala Arg 

1 

AGC CGA ATG CCT GCT ACC AAC AAG CCT AAA GAG CAA AAA ACA CCC ATC 
281 

Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin Lys Thr Pro He 
5 10 15 20 

CAG CGA GCA CCA CAC ACA AAA CCC CCA TTC ACT CTT AGC CAA CTC AAG 
329 

Gin Arg Ala Pro Hie Thr Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys 
25 30 35 

AAA GCC GTC CCA CCC AAT TGT TTC CAA CGC TCT CTC CTA CGC TCG TTC 
377 

Lys Ala val Pro Pro Asn Cys Phe Gin Arg Ser Leu Leu Arg Ser Phe 
40 ' 45 50 

TCA TAT GTT GTT TAT GAC CTC TCC TTA GCC TTC CTC TTC TAC TAT ATT 
425 

Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu Phe Tyr Tyr He 
55 60 65 

GCT ACC TCT TAC TTC CAT CTC CTC CCT CAC CCC CTT TCC TAC TTG GCA 
473 

Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ala 
70 75 80 

TGG TCA ATC TAT TGG GCT CTC CAA GGC TGC ATT CTC ACC GGC GTT TGG 
Trp Servile Tyr Trp Ala Leu Gin Gly Cys He Leu Thr Gly Val Trp 
85 90 95 100 
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GTC ATC GCA CAT GAG TGC GGT CAC CAT GCC TTT AGT GAC TAC CAA TGG 
569 

Val lie Ala His Glu Cys Gly His His Ala Phe Ser Asp Tyr Gin Trp 
105 110 115 

GTT GAT GAC ATG GTT GGC CTA ACC CTT CAC TCT GCT CTT TTA GTT CCA 
617 

Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala Leu Leu Val Pro 
120 125 130 

TAC TTT TCA TGG AAG ATT AGC CAC TGT CGC CAC CAC TCT AAC ACC GGC 
665 

Tyr Phe Ser Trp Lys lie Ser His Cys Arg His His Ser Asn Thr Gly 
135 140 145 

TCC CTT GAC CGA GAT GAG GTG TTT GTC CCC AAG CCG AAA TCC AAA ATG 
713 

Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro Lys Ser Lys Met 
150 155 160 

CCA TGG TTT TCT AAG TAC TTC AAC AAC CCA CCA GGT AGG GTC CTC ACT 
761 

Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly Arg Val Leu Thr 
165 170 175 180 

CTT TTG ATC ACA CTC ACT CTA GGC TGG CCC TTG TAC TTA GCC TTG AAT 
809 

Leu Leu lie Thr Leu Thr Leu Gly Trp Pro Leu Tyr Leu Ala Leu Asn 
185 190 195 

GTT TCT GGC CGA CCC TAT GAT CGT TTT GCT TGC CAC TAT GAT CCC TAT 
857 

Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His Tyr Asp Pro Tyr 
200 205 210 

GGC CCC ATT TAT TCC AAT CGC GAA AGG TGT CAA ATA TTT GTC TCG GAT 
■ 905 

Gly Pro lie Tyr Ser Asn Arg Glu Arg Cys Gin lie Phe Val Ser Asp 
215 220 225 

GCT GGT GTC TTT GCT ACA ACT TAT GTG CTT TAC TAC GCA GCA ATG TCA 
953 
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Ala Gly Val Phe Ala.Thr Thr Tyr Val Leu Tyr Tyr Ala Ala Met Ser 
230 235 240 

AAA GGG CTG GCA TGG CTT GTA TTC ATT TAT GGT ATG CCA TTG CTC ATA 
Lys GlJ^Leu Ala Trp Leu val Phe He Tyr Gly Met Pro Leu Leu He 
245 250 255 260 

GTG AAT GGC TTC CTT GTA TTA ATC ACC TAC TTG GAG CAC ACT CAC OCT 
val iSi^Gly Phe Leu Val Leu He Thr Tyr Leu Gin His Thr His Pro 
265 270 275 

GCA TTG CCG CAC TAT GAC TCA TCA GAA TGG GAT TGG CTT AGG GGG GCA 
Ala iSu^Pro Hie Tyr Asp Ser Ser Glu Trp Asp Trp Leu Arg Gly Ala 
280 285 290 

TTG GCG ACG GCG GAT AGA GAT TAC GGA ATG CTG AAT AAG GTT TTC CAC 
Leu ii^Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn Lys Val Phe His 
295 300 305 

AAT ATC ATA GAC ACC CAT GTG GCT CAC CAT CTC TTC TCT ACC ATG CCT 
Asn iirile Asp Thr His Val Ala His His Leu Phe Ser Thr Met Pro 
310 315 320 

CAT TAC CAT GCA ATG GAA GCC ACC AAA GCA ATC AAG TCA ATA TTG GGC 
His iJi^His Ala Met Glu Ala Thr Lys Ala He Lys Ser He Leu Gly 
325 330 335 340 

AAA TAC TAC CAG TTT GAT GGC ACT CCA GTT TAC AAG GCA GTG TGG AGG 
Lys iJ^Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys Ala Val Trp Arg 
345 350 355 

GAG GCT AAA GAG TGC CTT TAT GTT GAG TCG GAC GAG GGG GCC CCT AAC 
Glu AirLys Glu Cys Leu Tyr Val Glu Ser Asp Glu Gly Ala Pro Asn 
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360 365 370 

AAA GGT GTT TTC TGG TAT CAG AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA 
1390 

Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
375 380 

AGAAAATGTG ATTAGTAAGG TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA 
1450 

TAATAATTAG CGACTATGAA TAGTTATTGT TAAACAAAAT TCACCCTTAT GTTTAGCAGG 
1510 

AACTTTTCTG GCTACACTTT TTTTCGTATG AAAAGCGCAT ATTTTTTAAT TGTTATATTG 
1570 

TTTTGACATT ACTCAAGCTT CAAAATTAAT ATCACAGAAA ATATCCAATG TCGAAGGTTT 
^ 1630 

CATTGTAG6T TGAAAACTTT ATATTGAGGT GG 
1662 

^ . . ( 2 ) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 383 amino acids 

(B) TYPE: amino acid 
30. <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

« Met Gly Ala Arg Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin 

15 10 15 

Lys Thr Pro lie Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu 
20 25 30 

40 

Ser Gin I»eu Lys Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu 
35 40 45 

Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu 
50 55 60 

Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu 
so 65 70 75 80 

Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu Gin Gly Cys lie Leu 
85 90 95 



45 
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Thr Gly Val Trp Val, He Ala His Glu Cys Gly His His Ala Phe Ser 
100 105 110 

Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala 
115 120 125 

Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser His Cys Arg His His 
130 135 140 

Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro 
145 150 155 160 

Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly 
165 170 175 

Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly Trp Pro Leu Tyr 
180 185 190 

Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His 
195 200 205 

Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu Arg Cys Gin He 
210 215 220 

Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr 
225 230 235 240 

Ala Ala Met Ser ^ys Gly Leu Ala Trp Leu Val Phe lie Tyr Gly Met 
245 250 255 

Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin 
260 265 270 

His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp 
275 280 285 

Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn 
290 295 300 

Lys Val Phe His Asn He He Asp Thr His Val Ala His His Leu Phe 
305 310 315 320 

Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys 
325 330 335 

Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys 
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.350 



Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu 
355 360 365 



Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin. Ser Lys Leu ♦ 
370 375 380 . 

(2) INFORMATION FOR SEQ ID NO: 3: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1133 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE: C-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana L. cv. San Giovanni 
(D) DEVELOPMENTAL STAGE: Seed, storage deposition stage 

(Vii) IMMEDIATE SOURCE: 

(B) CLONE: I 

(ix) FEATURE: 

<A) NAME/KEY: mRNA 
(B) LOCATION:!. .1133 
(D) OTHER INFORMATION: /partial 
/gene= "Fad2" 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!. .1019 

(D) OTHER INFORMATION: /partial 
/codon_start» 3 

/product^ "delta-! 2 desaturase" 
/gene« "Fad2" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TC CAA CGC TCT CTC CTA CGC TCG TTC TCA TAT GTT GTT TAT GAC CTC 
47 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu 
385 390 395 



TCC TTA GCC TTC CTC TTC TAC TAT ATT GCT ACC TCT TAG TTC CAT CTC 
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95 

Ser Leu Ala Phe Leu Phe Tyr Tyr lie Ala Thr Ser Tyr Phe His Leu 
400 405 410 

CTC CCT CAC CCC CTT TCC TAC TTG GCA TGG TCA ATC TAT TGG GCT CTC 
143 

Leu Pro His Pro Leu Ser Tyr Leu Ala Trp Ser lie Tyr Trp Ala Leu 

415 420 425 430 

CAA GGC TGC ATT CTC ACC GGC GTT TGG GTC ATC GCA CAT GAG TGC GGT 
191 

Gin Gly Cys lie Leu Thr Gly Val Trp Val lie Ala His Glu Cys Gly 
435 440 445 

CAC CAT GCC TTT AGT GAC TAC CAA TGG GTT GAT GAC ATG GTT GGC CTA 
239 

His His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu 
450 455 460 

ACC CTT CAC TCT GCT CTT TTA GTT CCA TAC TTT TCA TGG AAG ATT AGC 
287 

Thr Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser 
465 470 475 

CAC TGT CGC CAC GAC TCT AAC ACC GGC TCC CTT GAC CGA GAT GAG 6TG 
335 

His Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val 
480 485 490 

TTT GTC CCC AAG CCG AAA TCC AAA ATG CCA TGG TTT TCT AAG TAC TTC 
383 

Phe Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe 
495 500 505 510 

AAC AAC CCA CCA GGT AGG GTC CTC ACT CTT TTG ATC ACA CTC ACT CTA 
431 

Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Leu lie Thr Leu Thr Leu 
515 520 525 

GGC TGG CCC TTG TAC TTA GCC TTG AAT GTT TCT GGC CGA CCC TAT GAT 
479 

Gly Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp 
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530 535 540 

CGT TTT GCT TGC CAC TAT GAT CCC TAT GGC CCC ATT TAT TCC AAT CGC 
527 

Arg Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro lie. Tyr Ser Asn Arg 
545 550 555 

GAA AGG TGT CAA ATA TTT GTC TCG GAT GCT GGT GTC TTT GCT ACA ACT 
575 

Glu Arg Cys Gin lie Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr 
560 565 570 

TAT GTG CTT TAG TAC GCA GCA ATG TCA AAA GGG CTG GCA TGG CTT GTA 
623 

Tyr Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Lieu Val 
575 580 585 590 

TTC ATT TAT GGT ATG CCA TTG CTC ATA GTG AAT GGC TTC CTT GTA TTA 
671 

Phe lie Tyr Gly Met Pro Leu Leu lie Val Asn Gly Phe Leu Val Leu 
595 600 605 

ATC ACC TAC TTG CAG CAC ACT CAC CCT GCA TTG CCG CAC TAT GAC TCA 
719 

lie Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser 
610 615 620 

TCA GAA TGG GAT TGG CTT AGG GGG GCA TTG GCG ACG GCG GAT AGA GAT 
767 

Ser Glu Trp Asp Trp Leu Arg' Gly Ala Leu Ala Thr Ala Asp Arg Asp 
625 630 635 

TAC GGA ATG CTG AAT AAG GTT TTC CAC AAT ATC ATA GAC ACC CAT GTG 
815 

Tyr Gly Met Leu Asn Lys Val Phe His Asn lie lie Asp Thr His Val 
640 645 650 

GCT CAC CAT CTC TTC TCT ACC ATG CCT CAT TAC CAT GCA ATG GAA GCC 
863 

Ala Hie His Leu Phe Ser Thr Met Pro His Tyr His Ala Met. Glu Ala 

655 660 665 670 
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ACC AAA GCA ATC AAG TCA ATA TTG GGC AAA TAG TAG GAG TTT GAT GGC 
911 

Thr Lys Ala lie Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly 
675 680 685 

ACT CCA GTT TAG AAG GCA GTG TGG AGG GAG GCT AAA GAG TGC CTT TAT 
959 

Thr Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr 
690 695 700 

IS GTT GAG TCG GAG GAG GGG GGC GCT AAG AAA GGT GTT TTG TGG TAT CAG 

1007 

Val Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin 
705 710 715 



10 



20 



30 



40 



SO 



55 



AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA AGAAAATGTG ATTAGTAAGG 

1059 
Ser Lys Leu * 
720 

TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA TAATAATTAG CGACTATGAA 
1119 

TA6TTATTGT TAAA 
1133 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 339 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser 
1 5 10 15 

^ Leu Ala Phe Leu Phe Tyr Tyr He Ala Thr Ser Tyr Phe His Leu Leu 

20 25 30 

Pro His Pro Leu Ser Tyr Leu Ala Trp Ser He Tyr Trp Ala Leu Gin 
35 40 45 



Gly Cys He Leu Thr Gly Val Trp yal He Ala His Glu Cys Gly His 
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50 55 60 

His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr 
65 70 75 80 

Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys lie Ser His 
85 90 95 

Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe : 
100 105 110 

Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn 
115 120 125 

Asn Pro Pro Gly Arg Val Leu Thr Leu Leu lie Thr Leu Thr Leu Gly 
130 135 140 

Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg 
145 150 155 160 

Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro lie Tyr Ser Asn Arg Glu 
165 170 175 

Arg Cys Gin lie Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr 
180 185 190 

Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe 
195 200 205 

He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He 
210 215 220 

Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser 
225 230 235 240 

Glu. Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr 
245 250 255 

Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val Ala 
260 265 270 

His His Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr 
275 280 285 

Lys Ala He Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr 
290 295 300 
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Pro Val Tyr Lys Ala ,Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val 
305 310 315 320 

Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser 
325 330 335 



Lys Leu * 



10 



IS Claims 

1 . A fragment of DNA from hazel [Corylus avettana L) comprising the nucleotide sequence shown in Figure 2. 

2. A DNA fragment comprising the nucleotide sequence shown in Rgure 2 from base 222 to base 1367, which codes 
20 for the hazel A1 2 desaturase enzyme of the endoplasmic reticulum or Ibr a homologous sequence which can code 

for the same amino-acid sequence. 

3. A nucleotide sequence coding for a protein or peptide having an amino-acid homology greater than or equal to 80% 
and preferably greater than 90% with the hazel A12 desaturase enzyme of the endoplasmic reticulum of Claim 2 

25 and having the function of the said enzyme. 

4. A recombinant DNA sequence comprising a DNA sequence according to Claims 1 . 2 and 3. or a portion of such a 
sequence, together with sequences regulating e)9>re68ion. 

50 5. A reconribinam DNA molecule comprising a doning vector in which a DNA sequence according to any one of 
Claims 1 , 2. 3 and 4 is inserted. 

6. A DNA molecule according to Qaim 5. in which the cloning vector is a plasmid or a phage. 

3s 7. A DNA molecule according to Claim 4 or Claim 5 having the restriction map shown in Rgure 1 . 

8. A host organism including a recombinant DNA molecule according to any one of Claims 3 to 6. 

9. A host organism according to Qaim 8, selected from a vegetable cell.an animal cell, and a micro-organism. 

40 

10. A genetically modified organism capable of expressing the FAD2-N gene, having the amino-acid sequence shown 
in Figure 2 from bp 222 to bp 1367, portions of this gene, or this gene conjugated with other molecules and con- 
taining sequences which can inactivate endogenous genes. 

45 1 1 . A hazel A1 2 desaturase enzyme of the endoplasmic reticulum having the amino-acid sequence shown in Figure 2 
in suk>stantially pure form. 

12. A fusion polypeptide comprising the amino-acid sequence of the enzyme of Claim 11. in which flie amino-adds 
additively connected thereto do not interfere with the desaturase activity or can easily be eliminated. 

so 

13. The use of the FAD2-N gene coding for the hazel A12 desaturase enzyme of the endoplasmic reticulum or of por- 
tions tiiereof for tiie isolation of enzymes having the function of hazel desaturase or of the desaturase of another 
species. 

55 14. The use of the nucleotide sequences of the FAD2-N gene shown in Rgure 2 for the construction of expression sys- 
tems which can alter the fatty-acid content in hazel. 
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Eco Rl BamHI Hindill BamHI Eco Rl 
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1000 2000 2800 bp 



Fig, 1 - Restriction map of the genomic clone ^'N2". CDS: 
coding region; bp: base pair. 
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Fig. 2 - Nucleotide sequence of the gene FAD2-N corresponding 
to an internal fragment of the genomic clone '*N2''. Aminoacid 
residues of the coding region are also reported. 

CCTCATAAAAAAGTAAGCTCATTTACCTCAAGTAG6GTTTCCTTATGACAAATGAGJCCC 60 
GGAGTAf TTTTTCATTCGAGTAAATGGA6TTCATCCCAAA6GAATACTGTTTACTCAGGG 



GCAATCCTTTTCTATGAGGTGCTATAATTGCAAATGTCCAAATCATAGGGATATGGATCC 120 
CGTTAGGAAAAGATACTCCACGATATTAACGTTTACAG6TTTA6TATCCCTATACCTAGG 



AAATACTATTAATATTATGTAGTGTGTTTTTTTTTTTCCCTCAAATTTACTCTCACACCr ISO 
TTTATGATAATTATAA7ACATCACACAAAAAAAAAAAGGGAGTTTAAATGA6AGTGTGGA 

AAGTTGATTTTCTCCAGCATTGGACATAGCCTCTGTAGACAATGGGAGCTAGAAGCCGAA 2*K) 
TTCAACTAAAAGAGGTCGTAACCTGTATCGGAGACATCTGTTACCCTCGATCTTCGGCTT 

Met GSy Ala Arc Ser Arc 

TGCCTGCTACCAACAAGCCTAAAGAGCAAAAAACACCCATCCAGCGAGCACCACACACAA 300 
ACGGACGATGGTTGTTCGGATTrCTCGTTTTTTGTGGGTAGGTCGCTCGTGGTGTGTGTT 
flet Pre Ale Thr A«n Lys Pre Lys Glu Glr. Lys Thr Pre lie Gin Arc Ale Pro !ris "nr 

AACCCCCATTCACTCTTAGCCAACTCAAGAAAGCCGTCCCACCCAATTGTTTCCAACGCT 350 
TTGGGGGTAAGTGAGAATCG.GTTGAGTTCTTTCGGCAGGGTGGGTTAACAAAGGTTGCGA 

Lys Fro Pro Phe Thr Leu Ser Gin Ley Lys Lys AJc Vcl Pro Pro Asn Cys Pre Gin A-c 

CTCTCCTACGCTCGTTCTCATATGTTGTTTATGACCTCTCCTTAGCCTTCCTCTTCTACT ^20 
GAGAGGATGCGAGCAAGAGTATACAACAAATACTGGAGAGGAA7CGGAAGGAGAAGATGA 

Ser Leu Leu Arc Ser Phe Ser Tyr Vcl Vcl 7yr Asp Leu Ser Leu Ale rne Leu Phe Tyr 

ATATTGCTACCTCTTACTTCCATCTCCTCCCTCACCCCC7TTCCTACTTGGCATGGTCAA ^S0 
TATAACGATGGAGAATGAAGGTAGAGGAGGGAGTGGGGGAAAGGATGAACCGTACCAGTT 

Tyr He Ale Tnr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ale Trp Ser 

TCTATTGGGCTCrCCAAGGCTGCATTCTCACCGGCGTTTGGGTCATCGCACATGAGTGCG 5^0 
AGATAACCCGAGAGGTTCCGACGTAAGAGTGGCCGCAAACCCAGTAGCGTGTACTCACGC 

[|e Tyr Trp Ale Leu Gin Gly Cys lie Leu Thr Gly Vc! Trp Vcl lie Ale His Glu Cys 

GTCACCATGCCTTTAGTGACTACCAATGGGTTGATGACATGGTTGGCCTAACCCTTCACT 600 
CAGTGGTACGGAAATCACTGATGGTTACCCAACTACTGTACCAACCGGATTGGGAAGTGA 

Gly His His Ale Phe Ser Asp Tyr Gin Trp Vc! Asp Asp Met Vdl Gly Leu Thr Leu His 

CTGCTCTTTTAGTTCCATACTTTTCATGGAAGATTAGCCACTGTCGCCACCAC TC TAACA 660 
GACGAGAAAATCAAGGTATGAAAAGTACCTTCTAATCGGTGACAGCGGTGGTGAGATTGT 

Ser Ale Leu Leu Vcl Pro Tyr Phe Ser Trp Lys lie Ser His Cys Arg His His Ser Asn 
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CCGGCTCCCTTGACCGAGATGAGGTGTTTGTCCCCAAGCCGAAATCCAAAATGCCATGGT 720 
GGCCGAGGGAACTGGCTCTACTCCACAAACAGGGGTTCGGCrTTAGGTTTTACGGTACCA 
Tbr Gly Ser Leu Asp Ang Asp Glu Vcl Phe Vol Pro Lys Pro Lys Ser Lys Met Pro Trp 

TTTCTAAGTACTTCAACAACCCACCAGGTAGGGTCCTCACTCTTTTGATCACACTCACTC 780 
AAAGATTCATGAAGTTGTTGGGT6GTCCATCCCAGGAGTGAGAAAACTA6TGTGAGTGAG 

Phe Ser Lys lyr Phe Aan Aan Pro Pro Cly Ang Vcl Leu Thr Leu Leu lie Thr Leu Thr 

TAGGCTGGCCCTTGTACTTAGCCTTGAATGTTTCTGGCCGACCCTATGATCGTTTTGCTT 8^0 
ATCCGACCGGGAACATGAATCGGAACTTACAA.AGACCGGCTGGGATACTAGCAAAACGAA 
Leu Gly Trp Pro Leu Tyr Leu Alo Leu Asn Vcl Ser Cly Arg Pro T/r Asp Arg Phe Aic 

GCCACTATGATCCCtATGGCCCCATTTATTCCAATCGCGAAAGGTGTCAAATATTTGTCT SCO 
CGGTGATACTAG6GATACCGGGGTAAATAAGGTTAGCGCTTTCCACAGTTTATAAACAGA 

Cys HIS lyr Asp Pro lyr Cly Pro He Tyr Ser Aan Arg Giyj Arg Cys CIn tie Ph.e Vcl 

CGG ATGC TGG TGTC T T TGC T AC AAC T 7 ATGTGC TIT AC TACGCAGC A A TGTCAAAAGGGC 960 . 
.GCCTACGACCACAGAAACGATGTTGAArACACGAAATG.ATGCGTCGLTACAGTTTTCCCG 
Ser Asp Ale Gly Vci Phe Ale mr Thr Tyr Vcl Levi Tyr Tyr Ale Ale Mct: Ser Lys GJy 

TGGCATGGCTTGTATTCATTTATGGTATGCCATTGCrCATAGTGAATGGCTTCCTTGTAT 1C20 
ACCGTACCGAACATAAGTAAATACCATACGGTAACGAGTATCACTTACCGAAGGAACATA 
Leu Ale Trp Leu Vcl Phe He Tyr Gly Met Pro Leu Leu lie Vcl Aan Gly Phe Leu Vcl 

TAATCACCTACTTGCAGCACACTCACCCTGCATTGCCGCACTATGACTCATCAGAATGGG 1060 
ATTAfiTGGATGAACGTCGTGTGAGTGGGACGTAACGGCGTGATACTGAGTAGTCTTACCC 
Lsu He Thr Tyr Leu Gin His Thr l-fis Pro Ale Leu Pro Kis Tyr Asp Ser Ser Giu Trp 

ATTGGC TTAGG6GGGC ATTG6CGACGGCGGATAGAGATTACGGAATGCTGAATAA6GTTT 1 1 ^0 
TAACCGAATCCCCCCGTAACCGCTGCCGCCTATCTCTAATGCCTTACGACTTATTCCAAA 

Asp Trp Leu Arg Gly Ala Leu Ale Tnr Ale Asp Arc Asp Tyr Gly f^et Leu Asn Lys Vcl 

TCCACAATATCATAGACACCCATGTGGCTCACCATCTCTTCTCTACCATGCCTCATTACC 1200 
AGGTGTTATAGTATCTGTGGGTACACCGAGTGGTAGAGAAGAGATGGTACGGAGTAATGG 
Phe HIS Asn lie lie Asp Thr His Vcl Ale His His Leu PhteSer Thr Met Pre His Tyr 

ATGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGGCAAATACTACCAGTTTGATG 1260 
TACGTTACCTTCGGTGGTTTCGTTAGTTCAGTTATAACCCGTTTATGATGGTCAAACTAC 

Mis Alo Met Giu Ale Thr Lys Ale He Lys Ser lie Leu Cly Lys Tyr Tyr CIn Phe Asp 

GCACTCCAGTTTACAAGGCAGTGTGGAGGGAGGCTAAAGAGTGCCTTTATGTTGAGTCGG 1320 
CGTGAGGTCAAATGTTCCGTCACACCTCCCTCCGATTTCTCACGGAAATACAACTCAGCC 

Gly Thr Pro Vol Tyr Lys Alo Vol Trp Arg Glu Ale Lys du Cys Leu Tyr Vcl Giu Ser 
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I 
I 



ACGAGGGGGCCCCTAACAAAGGTGiTTTCTGGTATCAGAGCAAGCTGTGATATTGGCTGG 1 -^fir 
TGCTCCCCCGGGGATTGTTTCCACAAAAGACCATAGrCTCGTTCGACACTATAACCGAC: 
Asp Glu Gly Ala Pro Asn Lys Gly Phe lirp Tyr CIn Ser Uys Leu 

ATAGAGCCAAAGAAAATG-GATTAGTAAGGTAGTGTCTTTGGTCAGTTTGGrGTGTTAAG W*'^ 
TATCTCGG-TTCTTTTACACTAATCATTCCATCACAGAAACCAGTCAAACCACACAATTC 

GAACAAATAATAATAATTAGCGACTATGAATAGTTATTGTTAAAC-AAAATTCACCCTTAT 1 5CC 
CTTGTTTArTATTATTAATCGCTGATACrrATCAATAACAATTTGrTTTAAGrGGGAATA 



GTrTAGCAGGAACTTT'CTGGCTAC AC T777TTTC37AT3AAAAGC3CA7 477777 TiiT 
CAAATCGTCC7TGAAAAGACCGATGTGAAAAAAAGCArACTTrTCGCGrA7AAAAAA77A 



7G77A7Ar7GTTTTGACA77AC7CAAGC:TC.iAAA77AA7A7CACAGAAAA7A7C:AA7G sS^' 
ACAA7A7AACAAAAC7G7AA7GAG77CGAAGT777AA7 7A7AG7G7C7 777A7AGG7 7AC 



7CGAAGG7 7 7C A7 7G7AGG7 7GAAAACT'7A7A773AGG73G 1652 
AGC77CCAAAG7AACA7CCAAC7 7 77GAAA7A7AAC7CCACC 
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10 20 30 40 50 

t . . . . t ■ ■ ■ ■ I i I I > I I .... I 

tccaacgctctctcctacgctcgttctcatatdttctttotgccctctcc 50 
ttagccttcctcttctoctotattgctacctcttccttccatctcctccc ICQ 
tcGCcccctttcctacttggcatcgtCGCtctattgggctctcccaggct \ 50 
ccattctccccgccctttcgctcctcccccctcccircccgtccccc-ccc 200 
tttagtccc tccitcGtggcttcGtgccGtgcttcccctcGCCCt tccc tc 250 
tgctct-T teg ttccG tact tt-cc-cgGGGcttGcccGctgtccccGCC 300 
cctctccccccgcctcccttgcccGGgGtgcggtGtttctccccGccccg 350 

aGGtCCGCGGtgCCGtggXtvtC-GGgtaCttCGGCGGCCCGCCGCCtCC 400 

ggtcctccctcttt-gGxcccGctCGC-ctccccTGgccct-g-GCT: tGG 450 
cct tgcctgtt tctggccgccccta'cgctcc-:':--cc--9cccctGtcG- 500 
ccctctggcccca-ttGttcccc-cgcgcccGCTctccGctGttTCTCtc 550 
ggctcctggtgtctttgctcccccttGtgtcct-TGCtccgcccccGtg': 6CO 
ccGGacgcc tcgcctgcc ttctG--CGttTctgc':ctcccGw-cctccxG 550 

GTGCCtCCC--CC-tgtGttGGtCGCC-GCttCCCCCCCCC-CCCCC-CC 7CC 

GttccccccctGtCGCtcctccGGCtcGgcttccct-cgcccGccct-cc 750 

cgccggcgcctcgGCGttccGccctgctgcc-cccGTt itcccccGTGtc SCO 

atcgccccccctgtgcctccccGtctcttctctccca-GCCtcG-tcGCG 550 

tgccctggacgcccccGccgcaatcGGgtGCctct -ggccGGGtGCXGcc 900 

GgtttcctggccctccGCtttccccGgccgtctgccccgcccc-ccGCQc 950 

tgcctttctg-tgcgtcggaccGgccGGcccc-cccGccgc-ctTr-zc-c i-OCC 

gtGtCGGCgCCCGC tctGGtGt tGCCtCCCtCCGCCCCCCCCCGGtCtCC ! C^ C 

ttcg wGcggicgtctct-tc9tccctttcctctc--cccccGCCcctcc'c i 100 
CGtcctTcgcgcctctccctcct-cttcttccc 133 



Fig. 3 - Nucleoticie secuence of cCNr-. clone "I". 
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Pig 4 - Nucleotide sequence alignment of clones (I.SEQ) and 

"Na^* (N2.SEQ) . 

I - I.SEQ 

I CCTCATAAAAAAGtAAGCTCATTTACCTCA;kGTAGGCTTT H2.SEQ 

1 w . I.SEQ 

41 CCTTATGACAAATGAGTCCCGCAATCCTTTTCTATGAGGT M2.SSQ 

1 , I.SEQ 

81 GCTATAATTGCAAATGTCCAAATCATAGGGATATGGATCC M2.SSQ 

1 I.SEQ 

121 AAATACTATTAATATTATGTA67GTGTTTTTTTTTTTCCC W2.SSQ 

1 Z.SZQ 

161 TCAAATTTACTCTCACACCTAAGT73ATTTTCTCCAGCAT N2.SEQ 

I - I.SEQ 

201 TGGACATACCCTCTGtAGACAATGSGAGCTAGAACCCGAA HZ. SZQ 

I i.ssa 

241 TGCCTGCTACCAACAAGCCTAAAGAGCAAAAAACACCCAT »2.S£Q 

i - - - I.SEQ 

281 CCAGCGAGCACCACACACAAAACCCCCA77CAC TC??AGC tl2. SSQ 

1 1 rCCAACGCT Z.SZQ 

321 CAAC?CAAGAAACCCGTCCCACCCAA??G7?TCCAACGCT N2.S2Q 

to CTCTCC7ACGC7CGT?CTCATA?G?7GTTTA7GACCTCTC I.SEQ 

381 C7C7CC7ACGC7CG77C7CATA7G77C777A7GACC7C7C 142. SEQ 

9C C7TAGCC77CC7C77C7AC7A7A7TGC7ACCTCTTAC77C I.SEQ 

401 C7TAGCCTTCC7CTTC7AC7A7A77GC7ACCTC7TAC77C Ci2.S£Q 

90 CATC7CC7CCCTCACCCCCT7TCC7ACT7GCCA7CG7CAA I. SSQ 

441 CA7C7CCTCCCTCACCCCCTTTCCTAC7TGGCA7GG7CAA «I2.S£Q 

130 TC7AT7GGGC7C7CCAACGC7GCAT7C7CACCGGCGT'?7G I .SEQ 

481 TCTA77GGGC7C7.CCAAGCC7GCAT7C7CACCGGCC777G K2.SEQ 

170 GG7CA7CGCACATGAG7GCGGTCACCATGCCTTTACTGAC I.StQ 

521 GGTCATCGCACA7GAGTGCCGTCACCATCCCTTTAGTGAC M2. SEQ 

210 TACCAATGGGT7GATGACA7GG77GGCC7AACCC7TCAC7 I.SEQ 

561 TACCAATGGG7TGA7GACA7GGTTGGCCTAACCC7TCAC7 N2 .SSQ 

250 CT6CTCTTTTAGTTCCATACTTTTCATCCAAGATTAGCCA I.SEQ 

601 CTGCTC77T7AG7TCCATACTTTTCATGGAAGATTAGCCA HZ. SZQ 

:S0 CTC7CCCC.tCC.:iC?CTAACACCGGCTCCCT7GACCGAGAT l.SZZ 

S41 C7GTCGCCACCAC7CTAACACCGGCTCCC77 C A C C G A G A T N2.SEQ 

330 CAGGTCTTTG7CCCCAAGCCCAAATCCAAAATGCCATGGT I.SEQ 

681 GAGGTGTTTG7CCCCAAGCCGAAA7CCAAAATCCCATGCT NZ.SiQ 

370 TTTC7AAG7AC7TCAACAACCCACCAGG7AGGG7CCTCAC I.SEQ 

721 TT7CTAAGTAC77CAACAACCCACCAGGTAGGGTCC7CAC N2.SEQ 

410 7CT77TGATCACACTCACTCTAGGCTGGCCCTTGTAC77A I.SEQ 

761 TCT777GATCACACTCACTC7ACGCTGGCCCT7G7ACTTA H2.SEQ 

450 GCC77GAATG7TTCTGGCCGACCCTATGATCCT777GC77 I.SEQ 

801 GCC7TGAATCT7TCTCGCCGACCCTATGATCC7T7TCCTT HZ. SEC 
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490 


GCCACTATGATCCCTATCCCCCCATTTATT 


C C 


A A T C G 


C 


G A 


C.SCQ 


841 


GCCACTATGATCCCTATCGCCCCATTTATT 


c c 


A A T C G C 


G A 


ItS.SSQ 


S30 


AACGTGTCAAATATTTGTCTCGGAfGCTGG 


T G 


T C T T T 


G 


C T 


t.SSQ 


881 


AAGCTeTCAAATATTTGTCTCGGATGCTGG 


T G 


T C T T T 


G 


C T 


N2.SEQ 


570 


A C A A CTTATGTGCTTTACTACGCAGCAATG 


T C 


A A A A G 


G 


G C 


X .SEQ 


921 


ACAACTTATGTGCTTTACTACGCAGCAATG 


T C 


A A A A G 


G 


G C 


N2.SEQ 


610 


TGGCATGGCTTGTATTCATT7ATGG7ATCC 


C A 


T T G C T 


C 


A T 


I. SEQ 


961 


TGGCATGGCTTGTATTCATTTATGGTATGC 


C A T T G C T 


CAT 


tl2.SSQ 


650 


AGTGAATGGCTTCCTTGTATTAATCACCTA 


C T 


? G C A G 


C 


A C 


I. SEQ 


1001 


AGTGAATGGCTTCCTTGTATTAATCACCTA 


C T 


T G C A G 


c 


A C 


N2 . SEQ 


690 


ACTCACCCTGCATTGCCGCACtATGA.CTCA 


T C 


A G A A T 


G 


G G 


I. SEQ 


1041 


ACTCACCCT6CATTGCCGCACTATGACTCA 


T C 


A G A A T 


G 


G G 


N2.SEQ 


730 


ATTGGCT7AGGGGGGCATTGGCGACGGCGG 


A T 


A G A G A 




T A 


I. SEQ 


1081 


ATTGGCTTAGGGGGGCATTGGCGACGGCGG 


A ? 


A G A G A 


T 


T A 


N2.SSQ 


770 


CGGAAT6CTGAATAAGGTT7TCC ACAATAT 


C A 


? A G A C 


A 


C C 


Z.SEC 



1121 CGGAATGCTGAATAAGGTTT7CCACAATATCATAGACACC H2.SSQ 

810 CATGTGGCTCACCATCTCTTCTCTACCATGCCTCATTACC Z .SEQ 
1161 CATGTGGCTCACCATCTCTTCTCTACCAT,GCCTCATTACC HZ. SEQ 

8S0 ATGCAATGGAACCCACCAAAGCAATCAAGTCAATATTGGG Z .SEQ 
1201 ATGCAATGGAAGCCACCAAAGCAA7CAAGTCAA7AT?GGG M2. SEQ 

890 CAAATACTACCACT7TGATGGCAC7CCAGTTTACAAGGCA I. SEQ 
1241 CAAATACCACCAGTTTGATGGCaCTCCAGTTTACAAGGCA HZ. SZQ 

930 GTCTGCAGGCAGGCTAAAGAGTGCCTTTATCrTGAGTCGG I. SEQ 
1281 GTGTGGAGGGAGGCTAAAGAG7GCCTTTATG7TGAGTCGC M2.SSQ 

970 ACGAGGGGGCCCCTAACAAAGG7G7T7TCTGGTATCACAG Z. SZQ 
1321 ACCAGGGGGCCCCTAACAAACG7CTTTTCTGCTATCAGAG M2.SEQ 

iolO CAAGCTGTCATATTGGCTGGATACAGCCAAACAAAATCTG I. S2Q 
1361 CAA6CTGTGATATTGGCTGGATAGAGCCAAAGAAAATGTG N2.SEQ 

1050 ATTAGTAAGGTACTCTCTTTGGTCAGTTTCGTGTGTTAAC I. SEQ 
1401 ATTAGTAAGGTACTCTCTTTGCTCAGTTrGGTGTGTTAAG M2.SEQ 

1090 GAACAAATAATAATAATtAGCGACTATGAATAGTTATTGT I.SSQ 
1441 GAACAAATAATAATAATTACCCACtATGAATAGTTATTGT ir2.SEQ 

1130 T A A A l.SEQ . 

1481 TAAACAAAATtCACCCTTATGTTTAGCAGCAACTTTTGTG WZ. SEQ 

1133 t.SSQ 
1521 GCTACACTTTTTTTCGTATG.AAAAGCGCATATTTTTTAAT N2.SEQ 

1133 l.SEQ 
1561 TCTTATATTGTTTTGACATTACTCAACCTTCAAAATTAAT «2.SEQ 

1133 l.SEQ 
1601 ATCACAGAAAATATCCAATCTCGAAGGTTTCATTGTACGT M2.SEQ 

1133 , I.SSQ 

1641 TGAAAACTTTATATTCAGGTCC K2.SEQ 
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1 .H G A iR s| r M Pi - Ai TIM K P[K |e Q K TiP?! QiRIAIPj H TJK P ^ F!_T!L S QJj_K K A;_V N2 . PRO 

1 :M G A G G r It Dt V PI P A N RjK S EjV|O^L.K R V pj F.E K P^F S L S Qjjj K K A I. 1.43921. PRO 

1 iMCAGGRMPV P tI s S k Ik S EI tIdiT T !K R V p'' C !E K P P F Si V G O il, K K A li L26296.PRO 



40 iP pijTjC FQRS:L|liRSFSYVVYD 1*S L_A rj^J_Y Y'J_A Ti S |Y F H L L P; R { P N2.PRO 

41 IP P H C FOR sIv|l,R S F S Y V V Y D lIt;! AX<=LJi:^ Y V a T!H[Y FJI.L L PiciP; L43921.PRO 
41 »P P H C Fi K iR SI I p !r S F S y! L I SlOU l !l aI s Ic F Y Y V a rl tl iY fI s :l L P' olpj L26296.PR0 

80 =L S Y L A^Tt S jl Y W aIl'Q GCILTGVWVIAHECgHHAFSDYQjL VP 0 K2 . PRO 

81 IL s jF R G M Ail_Y W a|v Q G C^L T GJ^W VIAHECGHHAPSOY Qi_LjL O ol 1.43921. PRO 
81 L S Y t A W' P L lYWAi C tQGCi v lLTG I lWVlAHECGBHAFSDYQWLOD L26296.PRO 



120 M^V G L.^L KSALLVPYFSW Ki_I_S H:^R H H S N T G S L;^R 0 S V F V P K. N2 . PRC 

121 ijv G I. I^H S^L LVPYFSWKYSaRRHHSNTGSLEROEVFVPK L43921.FRO 
121 T^V G L IF'g S'FiL LVPYFSWKYSHRRHHSMTGSLERDEVFVPK L26296.P90 



160 ?;K S K MPjWlJVS K YjJjN NPPGRVLTL L _I_T LTLGWPLYLALMVSG N2 . ?R0 

161 Q K S C : R H Y_S_K Y L B N P_P,^ R V !. T L A V T L ? L G W P L Y L A_u.N 7 S G L43S21.PF.C 
161 Q K S A I K W Y' G K YLWWP L GR I M M^TXQ S" V LGyPLYLA F M V S G L26296.PRC 



200 RPYORFACHYDPYGPIYSJM^RE R_C_C I _F V S O A G VX^-L" -JL^-L N2 . PRC 

201 R P Y 0_R,F A C H Y D P Y G P I Y^O RSRLQIYIS.OA GJ^L A V V LJ^ L43921.PRO 
201 R P y D G FACE! F F^P; M A P I Y' M ORERLQIY L S D A G" I L A>V C F G L Y L2629S . PRO 



140 Y A A M^K G L A W I* V J_ IYGJi^?LLJ_VNGFLVLITJ^LQ:-:TK?AL P N2 . PRC 
241 R t A^AJC.G_L_Ajr V JJ_^C vy G V P L J^V^V N_G_F L V L 1 T X Q.3 * «^ ? L43921.PPjO 

241iY^A.A;Q^MiS fcf ICL YGVPLLIvy A FlVLITYLQHTHP S LP L2629o.PRC 



280 HY^SSSWDHLRGALA T^D R D Y G Ji_ls M K V F K N I J_ 0 T K V A K K L N2 . PRO 

281 HYiSSBWOWLRGALATVOROYGILMKVFHMITCTKVAKHL L43921.PRC 
291 ttYDSSEWDWLRGALATVDROYGr.LNKVFHHITDTayAEHL L26296.PRC 



320 FSTMPKYKAMSATKAI RJ^I LGKYYQ_FDG^TP R E AX N2 . PRO 

321 F S T M P H YXA MEAT KAI KP I LGEYY^FDE,^ ? ^'XX'^ - AX L43921.PRO 
321 FSTMPKY W AMEATKAZKPILG O YYQrOGT? WYV AM Y R£AK L26296.rRO 



360 E CX'Y V EX° EGAPNKGVrW Y Q S K L 

361 E C I Y V E P O Q S T E S;K G VX" Y N N K L 
361 ECIYVEPD R EGO K K GV Y WYMMKL 



M2 . PRC 

L43S:i.PRO 

L26296.PRO 



Fig. 5 - Aniinoacid sequence alignment of A12 desaturase from 
hazelnut (N2.PR0), Arabidopsis (L26296.PRO) and soybean 
(L43921.PRO) . Homologous residues are boxed. 
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Fig- . 5 - Eoaolo^/ iaetween aazel £il2 desatrorase and otJier 
desatrojra^es 

143921: ^12 cesa^urHse cj* the encoclasiaic reticulaai of soya 
U22373: ^12 hycroxylasa of ricin 

L2S296: A 12 desaturase of the endoplasiaic reticuis-is cf 

Ac^ldopsls thaliana 
t-22931; £ii5 pLasTiid desatiurasa cf Araj::ldapsis tci&llana 
a09503 : ^,12 plastLd cesaturase cf AraJsldohsis thal±s.Aa 
X7S3ii; C12 plascid desaturase of scinach ' 

cl3 desaturase of the endcplasuiic reciculua of 

JkraJjldopsis ctieillane, ' , ~ 

XS3364 : piastld desa^urase cc race 



Hfota: nd: not decerai.ned siisce the amlno-acid sscrae/ice is not 
known . 
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Fie. 7 - Northern blot of iWA of Montebelio leaves (line l), 
Noccfiione leaves (line 2), Mcnuebello kernels ( line J) ^^^^S^^-^^Qf 

kernels (line 4), and San Giovanni Kernels (line o], -^.tie RNA 
was hvbridized with the I clone of cDMA. 
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